In cultures of Penicillium brevicompactum grown on Czapek-Dox agar or on circles of dialysis membrane placed on Czapek-Dox agar, brevianamides A and B first appeared after conidiation had begun. The presence of these brevianamides imparted a yellow-green fluorescence to the penicilli and to the upper section of the conidiophores of actively conidiating cultures. Experiments with replacement cultures indicated that medium nutrient levels had little direct effect on brevianamide production. If P. brevicompactum was grown between two circles of dialysis membrane, no aerial hyphae were formed, and brevianamide production was not observed. Three brevianamide-minus mutants of P. brevicompactum were isolated.
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Brevianamides A and B are a pair of stereoisomeric diketopiperazines found in Penicillium brevicompactum, P. ochraceum, and P. viridicatum (3-5, 11, 12) . They derive biosynthetically from tryptophan, proline, and mevalonic acid (5); cyclo-tryptophanylprolyl (brevianamide F) is the only known intermediate in the pathway (1) . Although many fungal diketopiperazines are mycotoxins (6) , no toxicity has yet been attributed to brevianamide A (12) . The pharmacology of brevianamide B and the related structures, brevianamides C through F, have yet to be explored.
Our interest in the brevianamides stemmed from our desire to determine why P. brevicompactum engages in secondary metabolism. We have shown previously that another secondary metabolite of this fungus, mycophenolic acid, is produced in solid culture only if aerial hyphae are present (2) . It remained to be seen whether any similar type of association was appropriate to brevianamide A and B production.
MATERIALS AND METHODS
Growth and maintenance of the organism. P. brevicompactum Dierckx (ATCC 9056) was maintained, subcultured, and grown on Czapek-Dox glucose-containing agar slants and petri dishes (10 cm) as described previously (2, 9) . "On-agar," "over," "between," and "stripped-between" cultures were prepared as indicated previously (2) .
Analysis of solid cultures for nutrients: assay of biomass wet weight and light microscopy. The procedures for assay of biomass wet weight and light microscopy have been described previously (2) . For epifluorescence microscopy, the Nikon epifluorescence attachment was employed. The excitation light was in the range of 330 to 380 nm; the barrier filter cut off at 420 nm.
Analysis of solid cultures for brevianamides A and B. Biomass, with or without the agar growth medium (as specified), was homogenized in distilled water (100 ml) at an ambient temperature. A sample of the homogenate was taken for protein estimation by the method of Lowry et al. (7) . The remainder was basified to pH 10 (Na2CO3) and was extracted twice with ethyl acetate (100 ml each). The organic solubles were pooled, freed of solvent, and resolved by twodimensional thin-layer chromatography on silica gel (plate size, 20 by 20 cm; Analabs, North Haven, Conn.).
The first solvent was 5% methanol in chloroform (vol/ vol amount of both brevianamides formed by experimental cultures thereafter exceeded that produced by control cultures. Much, if not all, of this excess could be attributed to the increased biomass that the experimental cultures possessed. As before, the brevianamides appeared after conidiation had become well established. As far as the levels of glucose and nitrogen were concerned, brevianamide A and B production in controls was associated with glucose and nitrogen levels of 20 and 13% originally (compare with Table 1 , which showed that the nutrients had been depleted completely). The amount of glucose and nitrate remaining in the experimental plate when the production of both brevianamides was first noted (h 72) corresponded to 93 and 90% of the original amounts, respectively. These values were not artifacts of the last 6 h of culture. The terminal glucose and nitrogen levels in the 11 These data strongly suggest that brevianamide production correlated with the developmental process of conidiation rather than with the approaching exhaustion of nitrogen or carbon.
Brevianamide A and B levels in between and stripped-between cultures of P. brevicompactunL When P. brevicompactum is grown between two circles of dialysis membrane, no aerial mycelium is formed (2) . If the upper circle of dialysis membrane, together with the adhering biomass, are removed, the lower circle can be peeled off the agar and discarded. The original upper circle can now be inverted and placed back on the agar surface. Such a strippedbetween culture quickly forms an aerial mycehum and conidiates apace. Table 3 shows that between cultures did not form significant amounts of either brevianamide, nor did they make heavy demands on medium nutrients, even through 120 h. Control over cultures produced slightly less mass by that time, but were well into the process of conidiation, had consumed the bulk of the nutrients, and had initiated brevianamide synthesis. Stripped-between cultures contained brevianamide if conidiation was well underway. This latter finding supported our contention that brevianamide production correlated with the process of conidiation.
Localization of the brevianamide fluores- tum were found to have yellow-green fluorescence when illuminated by a general-purpose laboratory ultraviolet light (wavelength, 350 nm). In aging cultures (2 to 3 weeks), the fluorescence was concentrated in aqueous exudates that were to be found on the culture surface. It was shown by thin-layer chromatography that the major sources of the yellow-green fluorescence were brevianamides A and B. When developing cultures of P. brevicompactum were examined by epifluorescence microscopy, two observations were made. First, the fluorescence was initially localized in the branches, metulae, and sterigmata of conidial heads and in the upper reaches of the conidiophores (Fig. 1) . Second, these fluorescent zones were first detected when brevianamide began to appear in the culture. Tables 1 and 2 include fluorescence microscopy data.
The initial localization of the brevianamides in and around penicilli of P. brevicompactum further supports the belief that brevianamide production is a property of cultures that possess this highly differentiated structure.
Brevianamide production by P. brevicompactum mutants. As indicated above, penicilli of P. brevicompactum that possess the brevianamides fluoresce yellow-green when illuminated with ultraviolet light. This fluorescence can be used as the basis for a mutant screen. Three stable brevianamide-minus mutants have been procured to date (AR-1, AR-2, and GG-1 culture conditions might present fungi such as the penicilli with circumstances not in keeping with the expression of the normnal development pattern of the organism, we began studying secondary metabolite production in solid cultures. We were quickly able to show that mycophenolic acid production in P. brevicompactum (2) and 6-methylsalicylic acid production in P. patulum (10) were the properties of solid cultures that possessed an aerial mycelium. The evidence presented in this paper establishes that the formation of a further secondary metabolite structure, stereoisomeric brevianamides A and B, was also a property of a solid culture that possessed an aerial mycelium. Furthernore, the evidence localized that production in or around a specialized aspect of the aerial hypha, the penicillus. We are currently searching for a biological role for the brevianamides in the context of the physiology of the fungal penicillus.
Brevianamides A and B are not the first secondary metabolites of the penicillia to be associated with the development of conidial heads. Nover and Luckner (8) have shown that the benzodiazepines cyclopenin and cyclopenol are so associated in surface liquid cultures of P.
cyclopium. It remains to be determined whether this similarity of production pattern presages a similarity of biological function.
